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FOREWORD 
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Air Force Systems Command (AFSC), under Program Element 27121F, System 337A. 

The test results presented were obtained by ARO, Inc. (a subsidiary of Sverdrup 
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Lt Colonel, USAF Colonel, USAF 
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ABSTRACT 

Wind tunnel tests were conducted using 0.05-sca!e models to study the separation 
characteristics of the CTU-l/A. finned BLU-1C/B, and CBU-24B/B stores from the A-7D 
aircraft. Separation trajectories of the CTU-l/A store were initiated from the left and 

-right wing outboard pylons while separation trajectories of the finned BLU-1C/B and 
CBU-24B/B munitions were initiated from a multiple ejection rack on the left and right 
wing center pylons. Data were obtained at Mach numbers 0.42 to 1.05 at simulated altitudes 
of 500 to 8000 It. Other simulated flight variables included store weight and 
center-of-gravity position, dive angle, and ejector force. 

in 
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NOMENCLATURE 

BL Aircraft buttock line from plane of symmetry, in., model scale 

b Store reference dimension, ft, full scale 

CA Store axial-force coefficient, axial force/qJ5 

Q Store rolling-moment coefficient, rolling moment/qJSb 

Cß Store roll-damping derivative, dQ/d(pb/2V<J 

Cm Store   pitching-moment   coefficient,   referenced   to   the   store  eg,  pitching 
moment/qJSb 

Cm Store pitch-damping derivative, dCm/d(qb/2V<_) 

CM Store normal-force coefficient, normal force/q^S 

Cn Store   yawing-moment   coefficient,   referenced    to    the   store   eg,   yawing 
moment/q„Sb 

Cn Store yaw-damping derivative, dCn/d(rb/2Vao) 

Cy Store side-force coefficient, side force/q„S 

Fz, Forward ejector force, lb 

Fz2 Aft ejector force, lb 

H Pressure altitude, ft 

vi 
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lxx Full-scale moment of inertia about the store XB  axis, slug-ft2 

Ivy Full-scale moment of inertia about the store Yg  axis, slug-ft2 

lzz Full-scale moment of inertia about the store ZB axis, slug-ft2 

MS Aircraft fuselage station, in., model scale 

M. Free-stream Mach number 

m Full-scale store mass, slugs 

p Store angular velocity about the X^  axis, radians/sec 

p«, Free-stream static pressure, psfa 

q Store angular velocity about the Yßaxis, radians/sec 

q„, Free-stream dynamic pressure, psf 

r Store angular velocity about the Zß  axis, radians/sec 

S Store reference area, ft2, full scale 

t Real trajectory time from initiation of trajectory, sec 

V„ Free-stream velocity, ft/sec 

WL Aircraft waterline from reference horizontal plane, in., model scale 

X Separation distance of the store eg parallel to the flight axis system Xp direction, 
ft. full scale measured from the prelaunch position 

Xog Full-scale eg location, ft. from nose of store 

XL, Forward ejector location relative to the store eg, positive forward of store eg, 
ft, full scale 

XL, Aft ejector piston location relative to the store eg, positive forward of store 
eg, ft, full scale 

Y Separation distance of the store eg parallel to the flight axis system Yv direction, 
ft, full scale measured from the prelaunch position 

Z Separation distance of the store eg parallel to the flight-axis system Zp direction, 
ft. full scale measured from the prelaunch position 

Vll 
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a Parent-aircraft model angle of attack relative to the free-stream velocity vector, 
deg 

8 Angle between the store longitudinal axis and its projection in the Xp-Yp plane, 
positive when store nose is raised as seen by pilot, deg 

7 Simulated parent-aircraft dive angle, angle between the flight direction and the 
earth horizontal, deg, positive for decreasing altitude 

ijj Angle between the projection of the store longitudinal axis in the Xp-Yp plane 
and the Xp  axis, positive when the store nose is to the right as seen by the 
pilot, deg 

$ Angle between the projection of the store lateral axis in the Yp-Zp plane and 
the Yp  axis, positive for clockwise rotation when looking upstream, deg 

FLIGHT-AXIS SYSTEM COORDINATES 

Directions 

Xp Parallel to the free-stream wind vector, positive direction is forward as seen by 
the pilot 

Yp Perpendicular to the Xp and Zp  directions, positive direction is to the right 
as seen by the pilot 

Zp In the aircraft plane of symmetry, perpendicular to the free-stream wind vector, 
positive direction is downward 

The flight-axis.system origin is coincident with the aircraft eg and remains fixed with 
respect to the parent aircraft during store separation. The XF, Yp, and Zp coordinate 
axes do not rotate with respect to the initial flight direction and attitude. 

STORE BODY-AXIS SYSTEM COORDINATES 

Directions 

XB Parallel to the store longitudinal axis, positive direction is upstream in the 
prelaunch position 

YB Perpendicular to the store longitudinal axis, and parallel to the flight-axis system 
XF-YF plane when the store is at zero roll angle, positive direction is to the 
right looking upstream when the store is at zero yaw and roll angles 

vui 
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Zß Perpendicular to both the Xß and Yß axes, positive direction is downward as 
seen by the pilot when the store is at zero pitch and roll angles. 

The store body-axis system origin is coincident with the store eg and moves with 
the store during separation from the parent airplane. The Xß, Yß, and Zß coordinate 
axes rotate with the store in pitch, yaw, and roll so that mass moments of inertia about 
the three axes are not time-varying quantities. 

IX 
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SECTION  I 
INTRODUCTION 

Wind tunnel store separation data for three stores launched from the A-7D aircraft 
were obtained using a six-degree-of-freedom captive trajectory store separation system 
(CTS). The test was conducted in the Aerodynamic Wind Tunnel (4T) of the Propulsion 
Wind Tunnel Facility (PWT) using 0.05-scale models of the A-7D aircraft and CTU-l/A, 
Finned BLU-1C/B, and CBU-24B/B stores. The CTL'-l/A separation trajectories were 
initiated from the left and right wing outboard pylons, whereas the separation trajectories 
of the finned BLU-1C/B and CBU-24B/B stores were initiated from a multiple ejection 
rack (MER) mounted on the left or right wing center pylon of the parent aircraft. 
Trajectory data were obtained at Mach numbers from 0.42 to 1.05 using simulated full-scale 
store weights and ccnter-of-gravity locations. Other simulated flight variables included 
altitude and ejector force along with parent-aircraft angles of attack and dive angles. 

SECTION II 
APPARATUS 

2.1   TEST FACILITY 

The Aerodynamic Wind Tunnel (4T) is a closed-loop, continuous flow, variable density 
tunnel in which the Mach number can be varied from 0.1 to 1.3. At all Mach numbers, 
the stagnation pressure can be varied from 300 to 3700 psfa. The test section is 4 ft 
square and 12.5 ft long with perforated, variable porosity (0.5- to 10-percent open) walls. 
It is completely enclosed in a plenum chamber from which the air can be evacuated, 
allowing part of the tunnel airflow to be removed through the perforated walls of the 
test section. 

For store separation testing, two separate and independent support systems are used 
to support the models. The parent-aircraft model is inverted in the test section and 
supported by an offset sting attached to the main pitch sector. The store model is supported 
by the CTS which extends down from the tunnel top wall and provides store movement 
(six degrcees of freedom) independent of the parent-aircraft model. An isometric drawing 
of a typical store separation installation  is shown in Fig.   1  (Appendix I). 

Also shown in Fig. 1 is a block diagram of the computer control loop used during 
captive trajectory testing. The analog system and the digital computer work as an integrated 
unit and, utilizing required input information, control the store movement during a 
trajectory. Store positioning is accomplished by use of six individual d-c electric motors. 
Maximum translational travel of the CTS is ±15 in. from the tunnel centerline in the 
lateral and vertical directions and 36 in. in the axial direction. Maximum angular 
displacements are ±45 deg in pitch and yaw and ±360 deg in roll. A more complete 
description of the test facility can be found in Ref. 1. A schematic showing the test section 
details and  the location of the models in the tunnel  is shown in  Fig. 2. 
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2.2 TEST ARTICLES 

The basic dimensions of the 0.05-scale A-7D parent model are presented in Fig. 3. 
The parent model is geometrically similar to the full-scale airplane except that the 
horizontal tail is removed to minimize interference with CTS support movement. Details 
of the A-7 pylons and MER are shown in Figs. 4 and 5, respectively. The MER was 
aligned with the 30-in. suspension lug positions on the pylons. Details of the store models 
are given as follows: A-7 300-gal fuel tank (Fig. 6), full LAU-3/A (Fig. 7), CTU-l/A (Fig. 
8), CBU-24B/B (Fig. 9), and finned BLU-1C/B (Fig. 10). 

The numbering sequence and roll orientation of the stores for the MER stations are 
shown in Fig. 11. A typical tunnel installation photograph showing parent aircraft, store 
model, and CTS is shown in Fig.  12. 

2.3 INSTRUMENTATION 

A six-component, internal, strain-gage balance was used to obtain store aerodynamic 
force and moment data. Translational and angular positions of the store were obtained 
from CTS analog inputs while parent-model angle of attack was determined using an internal 
gravimetric, angular position indicator. The pylons and MER contained a touch wire system 
which enabled the store to be accurately positioned for launch. The system was also wired 
to automatically stop the CTS motion and give visual indication should the store or sting 
support make contact with any surface other than the touch wire. 

SECTION  III 
TEST DESCRIPTION 

3.1 TEST CONDITIONS 

Separation trajectory data were obtained at Mäch numbers from 0.42 to 1.05. Tunnel 
dynamic pressure was maintained near 500 psf at all Mach numbers and tunnel stagnation 
temperature was maintained near 100°F. 

Tunnel conditions were held constant at the desired Mach number and stagnation 
pressure while data for each trajectory were obtained. The trajectories were terminated 
when the store or sting contacted the parent-aircraft model or when a CTS limit was 
reached. 

3.2 TRAJECTORY DATA ACQUISITION 

To obtain a trajectory, test conditions were established in the tunnel and the parent 
model was positioned at the desired angle of attack. The store model was then oriented 
to a position corresponding to the store carriage location. After the store was set at the 
desired initial position, operational control of the CTS was switched to the digital computer 
which controlled the store movement during the trajectory through commands to the CTS 
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analog system (see block, diagram. Fig. 1). Data from the wind tunnel, consisting of 
measured model forces and moments, wind tunnel operating conditions, and CTS rig 
positions were input to the digital computer for use in the full-scale trajectory calculations. 

The digital computer was programmed to solve the six-degrec-of-freedom equations 
to calculate the angular and linear displacements of the store relative to the parent-aircraft 
pylon. In general, the program involves using the last two successive measured values of 
each static aerodynamic coefficient to predict the magnitude of the coefficients over the 
next time interval of the trajectory. These predicted values are used to calculate the new 
position and attitude of the store at the end of the time interval. The CTS is then 
commanded to move the store model to this new position and the aerodynamic loads 
are measured. If these new measurements agree with the predicted values, the process 
is continued over another time interval of the same magnitude. If the measured and 
predicted values do not agree within the desired precision, the calculation is repeated over 
a time interval one-half the previous value. This process is repeated until a complete 
trajectory has been obtained. 

In applying the wind tunnel data to the calculations of the full-scale store trajectories, 
the measured forces and moments are reduced to coefficient form and then applied with 
proper full-scale store dimensions and flight dynamic pressure. Dynamic pressure was 
calculated using a flight velocity equal to the free-stream velocity component plus the 
components of store velocity relative to the aircraft, and a density corresponding to the 
simulated altitude. 

The initial portion of each launch trajectory incorporated simulated ejector forces 
in addition to the measured aerodynamic forces acting on the store. The ejector force 
was considered to act perpendicular to the rack mounting surface. The ejector forces and 
locations along with other full-scale store parameters used in the trajectory calculations 
are listed in Table I (Appendix II). 

3.3 CORRECTIONS 

Balance, sting, and support deflections caused by the aerodynamic loads on the store 
models were accounted for in the data reduction program to calculate the true store-model 
angles and coordinates. Corrections were also made for model weight tares to calculate 
the net aerodynamic forces on the store model. 

3.4 PRECISION OF  DATA 

The trajectory data are subject to error from several sources including tunnel 
conditions, balance measurements, extrapolation tolerances allowed in the predicted 
coefficients, computer inputs, and CTS positioning control. Maximum error in the CTS 
position control was ±0.05 in. for the translational settings and ±0.15 deg for the angular 
settings in pitch and yaw. Extrapolation tolerances were ±0.10 for the aerodynamic 
coefficients. The estimated uncertainty in setting Mach number was ±0.005 and uncertainty 
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in parent-model angle of attack was estimated to be ±0.1 deg. The maximum uncertainties 
in the full-scale position data caused by the balance inaccuracies are given below: 

Store t,sec X,ft Y,ft Z:ft      0,deg #,deg        p,deg 

CTU-l/A 0.3 ±0.14 ±0.06 ±0.05 ±1.1 ±1.4 ±3.4 
BLL-1C/B 0.3 ±0.05 ±0.02 ±0.02 ±0.3 ±0.3 ±1.1 

CBU-24B/B 0.3 ±0.04 ±0.02 ±0.02 ±0.6 ±0.8 ±2.3 

SECTION IV 
RESULTS AND DISCUSSION 

All trajectories obtained were for use in the determination of safe separation envelopes 
of the respective stores from the A-7D aircraft. No attempt will be made in this report 
to establish these envelopes or to qualify the store as safe or unsafe for aircraft separation. 
The trajectory data are presented as obtained from the wind tunnel along with comments 
regarding the aerodynamics of the store in the aircraft flow field. 

Data taken during these tests consisted of ejector-separated trajectories simulating 
release from multiple carriage racks or from pylons alone. Data showing the linear 
displacements of stores relative to the carriage position and the angular displacements 
relative to the flight-axis system are presented as functions of full-scale trajectory time. 
Positive X, Y. and Z displacements (as seen by the pilot) are forward, to the right and 
down, respectively. Positive changes in 8, ^, and <j> (as seen by the pilot) are nose up, 
nose to the right, and clockwise, respectively. Table I lists the full-scale store parameters 
used in trajectory calculations, and Table II describes the aircraft load configuration 
nomenclature. 

The launch trajectories for the CTU-l/A from the left and right wing outboard pylons 
are presented in Figs. 13 through 16. The "E" (Fig. 13), "E50" (Fig. 14), "E250" (Fig. 
15). and "E500" (Fig. 16) series designations represent store weights of 215, 265, 465, 
and 715 lb, respectively. The notations "A" through "D" .in the legend at the top of 
Figs. 14 through 16 indicate different store center-of-gravity positions. As the 
center-of-gravity location was moved aft, pitch increased negatively for constant store mass 
and ejector force as might be expected. Also shifting the larger ejector force from the 
forward foot (E-l through E-4) to the aft foot (E-18 through E-21) and then eliminating 
the forward ejector force altogether (E-14 through E-17) resulted in increased pitch-up 
release characteristics for constant store mass and center-of-gravity position. Addition of 
the 300-gal fuel tank and full LAU-3/A stores on the inboard and center pylons, respectively 
(Configuration 1), did not significantly affect the store release characteristics. 

Separation characteristics of the CBU-24B/B from a MER on the right wing center 
pylon are presented in Fig. 17. Pitch down of the store increased slightly with increasing 
Mach number, and the store moved forward from the point of release because of the 
steep dive angle. Increasing the ejector force by 450 lb resulted in only small changes 
in the trajectory at M„ = 0.61. 
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Shown in Fig. 18 are the launch trajectories for the finned BLU-1C/B from a MER 
on the left and right wing center pylons. The differences in store tail size (A and D2) 
did not seem to have any systematic influence on the trajectories from either the top 
or shoulder MER launch positions. 

The aerodynamic coefficients measured with the store in the carriage position (Fig. 
19) tended to verify the initial trajectory' data of the BLU-1C/B store. The repeat data 
shown were taken with small alignment changes of the dummy stores and a slight 
adjustment in the store carriage position. Although small changes in data levels were noted, 
the shapes of the curves were similar. 

REFERENCES 
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TABLE I 
FULL-SCALE STORE PARAMETERS USED IN TRAJECTORY CALCULATIONS 

S*M 
Paiameter 

Store 

CDU- 
■MK/F1 

CTU-l/A 

E250D 

BLU- 1 C/D 

Tail LW K 1150 A E50B E00<J HOOD K26IIA K 250 B E250C E500A FJ50IIK hsonc E500D Tail A 

S Store relerencc arm.  sq ft Z. 405 2.405 2.405 2,405 2. 4»!> 2.405 2.405 2.405 H.405 2. 405 2.405 2.405 2.405 1  887 1   887 1.10G 

h Store reference width,   ft l von 1. 700 1.750 1   750 1.750 1.750 1.750 1.750 1.750 1.750 1.750 1.750 1.750 1.5511 1.550 1. 333 

j   IXX Moment of tnvilia, slug-gq ft 2   6 .1.2 3.2 3   2 3.2 !i,'.) 5. 5 5   5 5.3 8 0 8.5 8  5 8 5 10.0 10.0 1). I) 

Iyy Moment of Inertia,   slng-sq ft 30  0 41.4 37. 2 13. 7 10,"> 05.7 54 a 45   8 34. 3 78.9 69. 8 59.2 38.6 146.0 14G. 0 65.0 

I.zz Moment of inerlu,   slug  sq ft .4(1. 1) 41   4 37.2 33.7 30.9 63  7 54.9 45 8 34.3 70  9 69. 8 3D. V 38. r> 14G.0 146.0 65.0 

Cn>u Pilch-damping derivative,  per rad -26 -28 -27 -26 -2« -42 -33 -28 26 -52 -38 -29 -26 -48 -48 -54 

Yaw-damping derivative,   per rad -2G - 2fi -27 -26 -2b 42 -ii 28 -26 -52 -38 29 -26 -48 -48 54 

Roll-damping derivative,   per rad -5. 0 -5.0 -5.0 -5  II -h  II -5. 0 -5. 0 -5.0 0.0 -5.0 -5. 0 -5.0 -5  0 -3.0 -3. 0 -1.9 

Crntcr-of-gravity location fioin nose,  ft 5. 70(1 !>, ihn 5. 33.1 5.525 5.708 4.100 4.G25 5. 16/ i  708 3.617 4. JOB 5.000 5.708 5.458 5.458 3.217 

m Mass,   Ring 6. 682 0. 236 8.23G 8. 236 8. 2 Hi 14.453 14  453 14. 453 14.403 22.223 22.223 22. 223 22.223 23. 155 23.ISh 27   040 

Xl-1 
Forward ejection piston location,  ft 2. 047 1. 48.1 1.UC7 l.R5fl 2.012 0.433 0.958 1, 500 2.042 -0.050 0.642 1  333 2.042 -0.092 -0.092 -0.375 

XL, Aft ejection piston location,   ft 0. 375 -0.183 0 0   1112 0.3/0 1. SM -0.700 -0  lb7 0.375 -1.717 -1.026 -II. 331 0.375 ... ... 
y Dive angle,  deg la 111 15 15 15 15 15 in lb 15 15 13 15 50 50 70 

H Pi ensure altitude, ft 500 500 500 500 500 001) 500 500 500 500 500 MM 500 7000 7000 80011 

Ejector stroke length,  ft 0.34:' 0  342 0.342 0. 342 0.342 0.342 0.342 0. 342 O. 442 0.342 0.342 0. 342 0.342 0 242 0. 242 0.242 

"z, Forward and aft ejector E-l C-2 E-2 E-2 E  2 IS  3 IS-3 E-3 E-3 E-4 E-4 K-4 E-4 E-9 E-'J E  U 
forces,  lb (see ejector K-14 K-l!) E-l 5 E-15 E-15 E-16 h-lfi E-17 E   17 E-13 
force table) E-18 E-19 h-l'l K-2II E 20 K-21 E-21 

Ejector Forces 

Code Fz,.   "J K7.2,   lb Code 

K- 1 h 

FM.   lb F7.2.  lb 

E-l 2000 1120   2310 
F.-2 2070 1150 E-16   2 140 
E 3 2140 1340 E-17   2200 
E-4 2070 1410 E  18 1120 2000 
E-9 1150   E-19 1150 2070 
E-13 1600   K-20 1340 2140 
R-14 ... 2100 E 21 1410 21)70 

> 
m 
o 
o 
■4 

»J 
01 



AEDC-TR-73-174 

TABLE II 
A-7D LOAD CONFIGURATION 

Config 
No 

Left Wing Pylon 
Config 

No 

Right Wing Pylon 

Outboard Center Inboard 
| 

Inboard         Center Outboard 

2 
ft 

CTU-l/A 

Empty Em pty 1 

300-gal 
Fuel Tank 

O 
LAU- 3 /A 

Full 

ft 

CTU-l/A 

4 Em pty V 
BLU-IC/B 

(TaLl A) 

3 Em sty I 
BLU-IC/B 

(Tail A) 

Em pty 

12 w 
BLU-IC/B 

(Tail D2) 

11 I 
BLU-IC/B 

(Tail D2) 

8 

< r 

CBU-24B/B 

1 ' 

7 

' ' 

CBU-24B/B 

1 ' 

Note:   Solid denotes launched store 

Open denotes dummy store 
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